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INVESTIGATING THE SPECIES RELATIONSHIPS
IN MEGISTOSTEGIUM (MALVACEAE)

Tahsina A. Shimu
Dr. Margaret Hanes, Mentor
ABSTRACT
The island of Madagascar is known for its rich fauna and
flora, and is an ideal area to study species and speciation (Vences
et al., 2009), especially species in the Hibiscus tribe (Koopman &
Baum, 2008). The island contains unparalleled levels of endemism
and species diversity, making it one of the greatest biodiversity
hotspots in the world (Goodman & Benstead, 2005). The three
morphologically distinct plant species in the genus Megistostegium
will be used to study speciation. Previous research has shown that
all three species are, genetically, very similar (Koopman & Baum,
2011; Callewaert, 2014). This research aims to use additional
molecular data to determine how the three morphologically
distinct species in the genus Megistostegium are related. Genomic
DNA will be extracted from 110 individual plants, representing
one to five populations per species. Individual plants will be
sequenced using RADseq next-generation sequencing methods.
Genetic variation will be summarized across all individuals,
populations, species, and across geographic space. Phylogenies
will be constructed to understand how the three species are related.

INTRODUCTION
Many advances have been made in understanding phylogenies.
However, the process of speciation in certain islands/biotas remains
elusive (Raxworthy et al., 2008). This holds true for speciation
occurring in continental biotas on islands such as Madagascar. Few
phylogenetic studies have been done on the speciation of endemic
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plant species in Madagascar. Islands are geographically isolated, with
surrounding oceans acting as natural barriers, yet how speciation has
occurred, and the causes of genetic isolation between populations,
remains poorly understood (Raxworthy et al., 2008).

Madagascar
Madagascar is an ideal model region for biological discovery
and studies investigating speciation (Vences et al., 2009). It is known
as a biodiversity hotspot and has high concentrations of endemic
species compared to other hotspots (Ganzhorn et al., 2001). In the past
20 years, Madagascar has been the location of significant biological

Figure 1: Topographical map of Madagascar (Vences et al., 2009).
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research, leading to the discovery of many unknown species from
unexplored areas (Goodman & Benstead, 2005). One of the proposed
explanations for Madagascar’s high rates of endemism is the length
of time it has been separated from Africa (~130 mya), and India (~90
mya) (Vences et al., 2009). Madagascar has experienced only modest
shifts in climate during the time it has been isolated from other land
masses (Raxworthy et al., 2008).
Biodiversity and endemism can be seen throughout
Madagascar in the many different habitats it contains. Habitat
types on Madagascar range from rainforests, deciduous forests,
to spiny forests (Vences et al., 2009). There are still many new
species of plants and animals being discovered on this rich land
today (Vences et al., 2009). The island is a good place to study the
many mechanisms that resulted both in its biodiversity and different
habitats. Studying speciation on the island can help explain the
development of biodiversity of the island, which still remains
poorly understood (Wilmé et al., 2006; Koopman & Baum, 2008).
Figure 1 illustrates elevation differences across the island.
Many animal taxa have been used to investigate speciation
in Madagascar. Raxworthy et al. (2009) investigated the leaftailed gecko (Uroplatus), a monophyletic, endemic genus with

Figure 2: Southern portion of Madagascar with some locations of MM, MN, and
MP (Koopman & Baum, 2010).
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high species richness. The study found that the geckos speciated
allopatry and parapatry. The authors stated it could be due to land
barriers such as river drainages and watersheds, but there was
little evidence to support this hypothesis (Raxworthy et al., 2008).
This study opened the door for learning about and explicitly
testing how different species on Madagascar have experienced
speciation. My research will explore the mechanisms of speciation
in the genus Megistostegium. The research on the three species
of Megistostegium will help further understand speciation and
phylogenetic relationships.

Megistostegium
The Hibisceae tribe (which includes the familiar Hibiscus
flower) is an excellent group to study speciation on the island
because Hibisceae has 86 species, nearly half of which are
endemic to Madagascar. Currently, there are six genera in this
tribe that are endemic to the island: Helicteropsis, Humbertiella,
Jumelleanthus, Macrostelia, Perrierophytum and Megistostegium
(Koopman & Baum, 2008).
The genus Megistostegium is monophyletic (Koopman
& Baum, 2008) and is closely related to Humbertiella and
Perrierophytum (Koopman & Baum, 2008). The three species in
the genus Megistostegium (M. microphyllum [MM], M. nodulosum
[MN], and M. perrieri [MP]) are the focus of this study. The species
of Megistostegium grow in and around the same population. All
three species can be found in the southern portion of Madagascar
on the Mahafaly Plateau (Koopman & Baum 2008, Koopman &
Baum, 2010) (Figure 2). M. nodulosum and M. microphyllum
have extensive ranges throughout southern Madagascar, while M.
perrieri is restricted to one population in the south (see the green
box in Figure 2).
Each species is distinct in its morphology (Figure 3).
M. microphyllum is a tall shrub, and has the smallest flowers and
leaves of all three species. M. nodulosum is a tree with medium
sized flowers, a long style, and is the only flower in the genus with
one plane of symmetry. M. perrieri has the largest leaves and
flowers and is found only at the most southern tip of Madagascar
(Koopman & Baum 2010; Koopman 2011). The distinct
morphologies are an exceptional discovery because plants in each
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(a)

(b)

(c)

Figure 3: (a). M. microphyllum, which has the smallest leaves and flowers. (b). M.
nodulosum which has medium size flowers and leaves. It also has a distinct long style. (c).
M. perrieri. It is the largest flower and has the largest leaves.
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species can grow together in the same area. Though there has been
extensive research and study into the relationships between these
three species, their relationships remain elusive (Koopman &
Baum, 2008; Koopman & Baum, 2010; Koopman & Baum, 2011;
Koopman, 2011, Callewaert, 2014).

Previous Research
Previous research using microsatellites has found that all
three species are very similar in genetic composition, regardless
of their location or species assignment (Callewaert, 2014). This is
surprising, given the different morphologies between the species.
This study will explore the genetic limits of each species and try
to determine how these three species are related.

HYPOTHESES
There are many possible hypotheses for how these
species could be related, following Callewaert (2014). Three are
presented here:
Hypothesis 1: M. microphyllum (MM), M. nodulosum
(MN), and M. perrieri (MP) are separate and distinct species.

Figure 4: Each species is genetically isolated and represent a cohesive unit.. (Callewaert, 2014).
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Each species shows no significant differences in its genetics
across its geographic range (Western Region, Eastern Region,
Southern Region [Figure 2]). This would suggest that no matter
where an individual of a species (e.g. MN) is located, all members
of the species have distinct genetic characteristics and form a
monophyletic group (Figure 4).
Hypothesis 2: The individual plants residing in the same
region, regardless of species, are more closely related than the
individuals within the species. This hypothesis indicates that the
proximity of the individuals determines their genetic relationship
(Figure 5), and that different species may be sharing genes if they
are in close proximity.

Figure 5: The individuals in the same region and species are more closely related to one
another, regardless of morphology and species assignment.

Hypothesis 3: The individual plants that reside in the
same region and population are more closely related to each other
than the same species in another region and population. This
hypothesis highlights the importance of species membership,
but also indicates that proximity of individuals is also important
(Figure 6).

157

Tahsina A. Shimu

Figure 6: Individual plants in the same region and population are more closely related
than the same species in a different region and/or population.

Sequencing Methods
RADseq (Restriction-Site Associated DNA sequencing)
is the sequencing method that will be used in this research. Double
digest RADseq is a technique that cuts DNA at certain restriction
sites and then filters by size. This technique allows for the DNA to
be cut at specific sites, reducing the amount of genomic material
and giving us more control over the fragment size and content
(Peterson et al., 2012). This method also saves money by a fivefold reduction in cost (Peterson et al., 2012).
PyRad is a bioinformatics pipeline that will be used in this
research to filter, clean, and sort the sequences obtained from the
RADseq (Eaton 2014).

MATERIAL AND METHODS
Leaf material from the three species of Megistostegium
was collected in Madagascar. The leaves were dried in silica gel and
sealed in a Ziploc bag. Individuals were collected from different
populations throughout the southern portion of the island. Individuals
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from five populations were collected from both M. microphyllum
and M. nodulosum. M. perrieri is only found in one population, at
the southernmost tip of Madagascar. Ten (10) individual plants were
collected per population. This study will investigate a total of 110
individuals. Sampled individuals encompass the entire distributions
of the genus and include possible geographic barriers to gene flow,
such as rivers and mountains.

DNA Extraction
DNA will be extracted from the leaves of each
individual plant by a CTAB extraction method. Genomic DNA
concentrations are measured with a Qubit fluorometer. The aim
is to obtain 200-500 ng of DNA in a volume of 20-40. DNA that
is 50-100 ng/ is ideal, with 6-8 nanograms/microliter close to the
lower limit. DNA that is at least 20-30 ng/ will allow us to perform
the digests/ligations in smaller volumes. RADseq libraries will be
constructed. We will size-select for fragments that are 800-880
bp long. Libraries will be sent off to Floragenex (Portland, OR)
to be sequenced. Using the bioinformatics pipeline called PyRad,
the raw data will be sorted, cleaned and filtered (Eaton 2014). The
goal is to sequence about 800 genes across all 110 individuals. All
the genes will be compared to one another, and their similarities
will be analyzed. Using that information, phylogenies will be
constructed across individuals, populations, and species.

PRELIMINARY RESULTS
A total of 73 individuals of Megistostegium, and its close
relative, Humbertiella henrici, have been extracted thus far. Two

Total Sequence Read Obtained
Discarded Reads
Total Sequence Reads (after discarding material)
Total Loci Recovered

Number of Reads
9,359,950
643,229
8,716,721
204

Table 1: Sequence reads for 73 plants (M. microphyllum, M. nodulosum, Humbertiella henrici).

159

Tahsina A. Shimu

members of Megistostegium (MM and MN) and Humbertiella
henrici were sequenced using the process described above.
Results are shown in Table 1.
Using the 204 total loci recovered, a phylogenetic tree was
constructed to understand the relationships between the three species
(M. microphyllum, M. nodulosum, Humbertiella henrici) (Figure 7.)

Figure 7: Phylogeny of M. microphyllum, M. nodulosum and Humbertiella henrici indicating
that Megistostegium species are more closely related to each another than Humbertiella.

DISCUSSION AND FUTURE STUDIES
The results obtained by the RADseq method suggest that it
is a robust method that will allow us to understand the relationships
between the closely related species of Megistostegium. As seen in
Figure 7, the phylogenetic tree highly supports the hypothesis that
Megistostegium is monophyletic. This supports the previous results
showing that the Megistostegium individuals (M. microphyllum,
M. nodulosum, and M. perrieri) are closely related to one another.
Though these and previous data suggest that Megistostegium
are monophyletic, the relationship between the three species still
remains unknown. RADseq will be used to clarify the relationship
between individuals of M. microphyllum, M. nodulosum, and M.
perrieri. Future work will investigate 110 individuals that will
encompass the entire geographic distribution of the genus. The goal
is to sequence 800 genes across all the individuals. This method
of sequencing, and the high number of individuals from the entire
distribution of the genus, will help to uncover the relationship
between Megistostegium. It will also allow us to uncover the
mechanisms that drove the speciation in the genus.
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